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Depressive mood and low social support are not associated with arthritis development in patients with seropositive arthralgia, although they predict increased musculoskeletal symptoms Jasmijn F M Holla, 1 Marian H van Beers-Tas, 2 Lotte A van de Stadt, 3 Robert Landewé, 4 Jos W R Twisk, 5 Joost Dekker, 1, 6, 7, 8 Dirkjan van Schaardenburg 
Inflammatory arthritis

AbstrAct
Objective Studies on the role of psychosocial vulnerability in the development of arthritis must be performed early in the disease course to exclude the reverse explanation that arthritis leads to psychological symptoms. therefore, the objective of this study was to investigate the longitudinal (5-year) association between depressive mood, daily stressors, avoidance coping and social support as predictors, and the development of arthritis and other clinical parameters as outcomes, in persons with seropositive arthralgia at risk of developing rheumatoid arthritis.
Methods Five-year follow-up data of 231 patients from the reade seropositive arthralgia cohort were used. clinical and psychological data were collected using physical examinations and questionnaires. Mixed models and cox regression analyses were used to assess the 5-year associations between depressive mood, daily stressors, avoidance coping or social support, and the development of arthritis or clinical parameters (tender joint count, Visual analogue Scale (VaS) pain, VaS morning stiffness and erythrocyte sedimentation rate (eSr)). Results Higher scores for depressive mood and lower scores for social support were not associated with the development of arthritis nor with eSr. However, they were longitudinally associated with an increase in pain (p<0.001), morning stiffness (p<0.01) and tender joint count (p<0.001). no consistent associations were found between daily stressors, avoidance coping and the development of arthritis or other clinical parameters.
Conclusion although an effect on the development of arthritis could not be demonstrated, a strong longitudinal association was found between high depressive mood, low social support and clinical parameters. in persons with seropositive arthralgia, depressive symptoms and low social support may increase musculoskeletal symptoms.
InTROduCTIOn
Depression is highly prevalent in persons with rheumatoid arthritis (RA). A meta-analysis of studies reporting prevalence estimates for depression in RA revealed rates between 15% and 40%, depending on the manner in which depression was measured. 1 Depression is also common in diseases that are associated with
Key messages
What is already known about this subject?
► Depression, daily stressors, avoidance coping and lack of social support have been linked to disease activity in persons with rheumatoid arthritis (ra); however, results of longitudinal studies on these relationships are inconsistent or scarce.
What does this study add?
► this is the first study that explored the predictive roles of depressive mood, daily stressors, avoidance coping and social support in the development of physician-diagnosed clinical arthritis in persons at risk of developing ra without overt inflammation. ► in persons with seropositive arthralgia, an effect of depressive mood, daily stressors, avoidance coping and social support on the development of clinical arthritis could not be demonstrated. ► However, a strong longitudinal association was found between high depressive mood and low social support, and pain, morning stiffness and tender joint count.
How might this impact on clinical practice?
► the results indicate that in persons with seropositive arthralgia, depressive symptoms and low social support may increase musculoskeletal symptoms.
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RA through shared pathogenic factors, such as cardiovascular diseases and diabetes mellitus, 2 3 and may even increase the risk of developing these diseases. 4 5 It seems that persons with depression also have an increased risk of developing RA; however, this risk is less well established. 6 Likewise, post-traumatic stress disorder has been associated with an elevated risk of the development of RA and increased RA disease activity, [7] [8] [9] [10] and perceived stress has been associated with self-reported arthritis development 3 years later in women. 11 In addition, studies point to an unfavourable course of disease activity in patients with RA with symptoms of depression. 12 13 The same holds true for avoidance coping and lack of social support, which also have been associated with increased disease activity in persons with RA. 14 15 Finally, besides indications for an unfavourable disease course, it has been shown that persons with RA and depression generally have reduced treatment response and poorer health status, with as a result an increased risk of mortality and work disability already at an early stage of RA. [16] [17] [18] Several mechanisms have been described that may partially explain the increased cardiovascular risk in persons with depression, including unhealthy behaviours, pathophysiological dysregulations (immune system, hypothalamic-pituitary-adrenal axis (HPA axis) and metabolic), shared genetic vulnerability and residual confounding. 5 19 These mechanisms are not disease-specific, and may also explain the link between depression and RA.
Although depression has been linked to disease activity in persons with RA, results of longitudinal studies on this relationship are inconsistent. 12 13 20-25 Most studies reported positive associations between higher scores of depression (or scores above a certain cut-off) on one hand, and smaller reductions in disease activity scores, 12 13 20 22 25 a lower proportion of clinical remission 13 20 and a lower reduction of pain on treatment, 12 13 22 23 25 on the other hand. However, two studies could not confirm these positive associations. 21 24 Explanations may be the difference in follow-up times, that is, 1-3.5 years for the positive studies and 5-10 years for the negative studies, different active treatment schedules which might have the biggest effect on the studies with shorter follow-up times, and the bidirectional association between depression and RA. 6 It is likely that the first symptoms and the diagnosis of RA lead to a depressive mood, whereas active treatment aims to reduce disease activity which in turn will lead to an improved mood. To exclude the reverse explanation that RA symptoms and treatment lead to changes in mood, studies on the influence of depressive mood on the onset of RA must be performed as early in the disease course as possible. It is important to know whether depression increases the risk of developing RA. If this is the case, treatment of depression could contribute to the prevention of arthritis.
Two studies have investigated the bilateral association between depressive mood and RA development in cohorts of persons without active RA or treatment for RA at the moment of inclusion. The first found a bidirectional relation between RA and depression in a Taiwanese health insurance database, 6 and the second found that self-reported arthritis predicts the development of mood and anxiety disorders, and no reverse association was found. 26 These studies did not analyse the association between depressive mood and measures of disease activity or symptoms, and may have misclassified patients by using the International Classification of Diseases, Ninth Revision, Clinical Modification codes or self-report to identify patients with RA or depression. 6 26 Therefore, we studied the longitudinal association between depressive mood, daily stressors, avoidance coping and social support as predictors, and the development of arthritis and clinical parameters (ie, pain, morning stiffness, tender joint count and erythrocyte sedimentation rate (ESR)) as outcomes, in patients with seropositive arthralgia at risk for developing RA. This is the first study that used physician-based diagnoses to explore these associations in a cohort with an increased risk for RA, but without overt inflammation (ie, normal ESR values and no swollen joints). Depressive mood, daily stressors and clinical parameters were considered the primary predictors and outcomes, respectively.
PaTIenTs and MeTHOds study design and population
A 5-year follow-up study of a sample of 235 patients from the Reade seropositive arthralgia cohort (included between August 2004 and January 2011) was undertaken. 27 28 This cohort was formed to identify clinical and serological predictors for the development of arthritis (90% of whom fulfilled the 2010 American College of Rheumatology/ European League Against Rheumatism criteria for RA), 28 29 and recruited persons with arthralgia and positive anticitrullinated protein antibodies and/or IgM-rheumatoid factor status. Demographic, clinical and laboratory measurements were performed every year until a complete follow-up of 5 years or arthritis development. Details on the study protocol have been published elsewhere. 28 All cohort participants were eligible for the present study and were sent questionnaires measuring depressive mood, daily stressors, avoidance coping and social support between March 2008 and January 2016. Questionnaires were only sent to patients without a diagnosis of arthritis, as it was explicitly the intention to investigate the relation of psychological parameters with the development of arthritis, and not with the period thereafter. Please note that baseline descriptives (table 1) were taken at baseline of the present study. This means some patients turned out seronegative at baseline, while they were seropositive when entering the parent study. 
MeasuReMenTs Clinical endpoints
The first endpoint was the development of arthritis, as clinically diagnosed by a trained medical doctor based on a physical examination of 44 joints. The presence of arthritis in at least one joint was always confirmed by a senior rheumatologist (DvS). At the start of our study, we did not know how many patients would progress to arthritis, and expected that changes in clinical parameters would precede the development of arthritis. Therefore, we selected a Visual Analogue Scale (VAS) for pain (range: 0-100), a VAS for morning stiffness (0-100), tender joint count 53 (TJC53) and ESR (reference <15 mm/hour for men, <20 mm/hour for women) as additional outcomes.
Questionnaire items
The primary independent variables were depressive mood, measured with the depression subscale of the Hospital Anxiety and Depression Scale (HADS), 30 and daily stressors, measured with the 49-item version of the Everyday Problem Checklist (EPCL). 31 The secondary independent variables were avoidance coping, measured with the avoidance subscale of the Utrecht Coping List (UCL), 32 and social support, measured with the perceived support scale of the Impact of Rheumatic Diseases on General Health and Lifestyle (IRGL) questionnaire. 33 the Hospital anxiety and Depression Scale The HADS depression subscale comprises seven items that are answered on a 4-point scale. The sum score ranges from 0 to 21, with a higher score indicating a more depressive mood. 30 This sum score was used in analyses. In addition, we calculated cut-off scores to describe the degree of depressive mood in a more discrete way. These cut-off scores are based on the findings of Zigmond and Snaith, who reported that a score of 8-10 is suggestive 30 34 Both the sum score and the cut-off scores are presented in table 1. The HADS is widely used in clinical research and has been shown to be reliable for use as a screening tool in different groups of Dutch adults aged 18-65 years (Cronbach's alpha: 0.77-0.86). 35 the everyday Problem checklist The EPCL comprises 49 items that describe irritating, annoying or disappointing events and situations, for which the patient has to indicate whether he or she had dealt with it in the past 4 weeks. 31 The sum score ranges from 0 to 49, with a higher score indicating more daily stressors. The reliability of the ECPL sum score has been shown to be satisfactory in Dutch adults. 31 the Utrecht coping list The avoidance subscale of the UCL comprises eight items that are answered on a 4-point scale. 32 The sum score ranges from 8 to 32, with a higher score indicating a more frequent use of avoidance coping. The UCL avoidance subscale has been shown to be sufficiently reliable in Dutch adults (Cronbach's alpha: 0.74-0.76). 36 the perceived support scale of the impact of rheumatic Diseases on general Health and lifestyle questionnaire The perceived support subscale of the IRGL comprises five items that are answered on a 4-point scale. 33 The sum score ranges from 5 to 20, with a higher score indicating a higher perception of social support. The IRGL perceived support scale has been shown to be highly reliable in Dutch adults (Cronbach's alpha: 0.94). 37 statistical analyses First, we explored changes in depressive mood, daily stressors, avoidance coping and social support between baseline and 5-year follow-up using descriptive statistics.
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Second, we performed Cox regression analyses with time-dependent covariates to analyse the association between the independent variables depressive mood, daily stressors, avoidance coping and social support, and the development of arthritis. Hereby, the independent variables were time-updated to use all available questionnaire sum scores at the different time points. All independent variables were included as continuous variables in the Cox analyses. An additional analysis was done with depression as a dichotomous variable (HADS depression score ≥11) to facilitate interpretation (table 2, model 1b) .
Third, mixed models with a random intercept were used to evaluate the longitudinal associations between the independent variables depressive mood, daily stressors, avoidance coping and social support (measured on a continuous scale), and the outcome variables VAS pain, VAS morning stiffness, TJC53 and ESR. 38 In our design we took multiple measures per individual. That is, each individual completed multiple questionnaires at multiple times and was clinically assessed at the same moments. Multiple responses from the same individual cannot be regarded as independent from each other; however, linear mixed effects models correct for this independence. This implies that measured variables at all time points were included in the models. Separate analyses were performed for both the four independent variables and the four dependent variables. The random intercept accounts for the correlated nature of multiple measurements from the same individual. To distinguish between 'between-subject and within-subject' effects, in addition, hybrid mixed models were performed. 39 Depending on the distribution of the outcome variable, we used different mixed models. Tobit mixed model analyses were performed for the two VAS scores, taking into account left censoring. 40 Negative binomial mixed models were used for TJC53 and linear mixed models for ESR. Before the analyses, ESR was log-transformed because of skewness to the right. We identified age, gender and symptom duration as potential confounders. In step 2 of all analyses we adjusted for these variables.
Mixed models were computed using Stata V.14, and Cox regression analyses were performed with SPSS V.21. 
Clinical parameters
Depressive mood and daily stressors Regular and hybrid tobit mixed models showed that the HADS depression score was statistically significantly associated with VAS pain (regression coefficient (B) 2.34, 95% CI 1.59 to 3.08, p<0.001) and VAS morning stiffness (B 4.09, 95% CI 1.18 to 7.00, p=0.006) (table 3). The regression coefficients of 2.34 and 4.09 have a combined between-subject (ie, cross-sectional) and within-subject (ie, longitudinal) interpretation, and can be interpreted as follows: a one-unit difference in the HADS depression score between two patients or a one-unit increase in the HADS depression score within one patient is associated with a difference or increase of 2.34 and 4.09 units in the VAS pain score and VAS morning stiffness score, respectively. Regular and hybrid negative binomial mixed models showed that the HADS depression score was statistically significantly associated with TJC53 (rate ratio (RR) 1.06, 95% CI 1.03 to 1.09, p<0.001) (table 3) . This can be interpreted as follows: if the HADS depression score is one-unit higher in one patient compared with another patient, or increases with one unit within one patient, then the TJC53 will be 1.06 times higher. Bs and RRs can be split into a between-subject (ie, cross-sectional) and within-subject (ie, longitudinal) effect, which are presented in table 3. For VAS pain, the between-subject effect and the within-subject effect were both statistically significant; however, the between-subject effect was stronger, indicating greater differences in pain between two patients with different HADS depression scores (cross-sectional) than changes in pain within patients with changing HADS scores (longitudinal). For VAS stiffness and TJC53, only the between-subject effect was significantly associated with HADS depression scores. HADS depression scores and ESR were not associated (Exp(B) 1.01, 95% CI 0.99 to 1.03, p=0.23). The regression coefficient of log-transformed ESR was back-transformed to Exp(B), and can be interpreted like the RR as presented above. Daily stressors were only significantly associated with VAS pain (B 0.44, 95% CI 0.04 to 0.84, p=0.03), attributed mainly by the cross-sectional differences in scores between patients. None of the results changed after correction for potential confounders (online supplementary table 1).
avoidance coping and social support
Higher social support was significantly associated with lower VAS pain (B −1.97, 95% CI −2.77 to −1.17, p<0.001), VAS morning stiffness (B −4.33, CI −7.40 to −1.28, p=0.005) and TJC53 (RR 0.93, 95% CI 0.91 to 0.96, p<0.001) scores (table 3) . No statistically significant longitudinal associations were found between avoidance coping and disease activity measures. dIsCussIOn This is the first prospective study that investigated the association between depressive mood, daily stressors, avoidance coping, social support and progression towards arthritis or clinical parameters in patients at risk of developing RA. An effect on the development of arthritis and its timing could not be demonstrated. However, we did find a strong association between high depressive mood, low social support and several clinically important parameters, such as VAS pain, VAS morning stiffness and TJC53. No consistent associations were found between daily stressors, avoidance coping and any of the clinical parameters.
One can speculate about the mechanism by which high depressive mood is associated with higher clinical parameter scores in these patients: is it purely psychological or also biological? As a person's psychological state plays a key role in the experience and expression of (joint) symptoms and vice versa, a psychological mechanism seems likely. Depressive symptoms and stress are believed to influence clinical parameters via negative perceptions of symptoms and non-adherence to medical recommendations. 5 9 However, it is also possible that depression leads partly to a higher presence of clinical parameters RMD Open RMD Open RMD Open B, regression coefficient; analysed with linear mixed models analyses taking into account left censoring. RR, rate ratio; analysed with negative binomial mixed models taking into account left censoring in a variable in which a score of 0 really means zero. Exp(B), exponent (regression coefficient); analysed with linear mixed models in which ESR was log-transformed (ln(ESR)) because of skewness to the right. Hybrid mixed models were used to split the Bs and RRs into a between-subject (ie, cross-sectional) and within-subject (ie, longitudinal) effect. The between-subject effect shows the difference in the outcome variable between two patients having a one-unit difference in the independent variable. The within-subject effect shows the increase in the outcome variable within one patient when the independent variable increases with one unit.
In bold are statistically significant associations with a p value <0.05. EPCL, Everyday Problem Checklist; ESR, erythrocyte sedimentation rate; HADS, Hospital Anxiety and Depression Scale; IRGL, Impact of Rheumatic Diseases on General Health and Lifestyle; Obs, number of observations of the outcome used in analysis; UCL, Utrecht Coping List; VAS, Visual Analogue Scale.
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through biological mechanisms, which may or may not be induced by behaviour. Possible biological mechanisms are dysregulation of the immune system, 5 16 41 HPA axis or metabolism, 16 41 42 which may be induced by a shared genetic vulnerability leading to both depression and RA. 5 A combined biological and behavioural mechanism is unhealthy lifestyle behaviours such as smoking, physical inactivity and unhealthy diet, which are risk factors for both diseases, but may also be caused by depression. [43] [44] [45] [46] Our results provide most support for a psychological mechanism, because depressive mood was mainly associated with subjectively reported clinical parameters, although we cannot rule out that the mechanism that connects depressive mood with clinical parameters is also partly biological. In our study population of patients with arthralgia without active clinical disease, we had a limited set of biological disease activity measures available.
The association of low social support with an increase in disease activity is in line with the results of a 5-year follow-up study in 78 persons with early RA.
14 Social support may influence clinical parameters via negative disease-related cognitions, low self-efficacy, unfavourable coping and unhealthy behaviours.
14 Besides discussing the mechanism by which depressive mood and low social support are associated with clinical parameters, one can also debate on the clinical implication of this finding. A recent study showed that the presence of depression reduced the success percentage of biological treatment in patients with RA, 47 probably because pain and perceived health are taken into account in disease activity scores such as the Disease Activity Score 28, and the sense of well-being is disrupted in patients with a depressive mood. This might indicate that early detection and treatment of depressive mood may benefit future treatment in patients with arthralgia for whom interventions to prevent the development of RA are not available yet. 48 The potentially important influence of social support on the course of clinical parameters is something that physicians also should be aware of. However, it may even be true that higher pain and fatigue scores are more a consequence of depression than of arthritis.
In analyses testing causal explanations, one should not adjust for variables in the causal pathway. Therefore, in the analysis between one of the four questionnaire variables (ie, depressive mood, daily stressors, avoidance coping and social support) and the outcome, we did not adjust for the other three questionnaire variables. However, to be on the safe side, we examined what happens when all questionnaire variables are included in the analyses (online supplementary table 2). The results of these analyses show that even if we adjust for variables that are potentially on the causal path, the results are almost the same.
Our study may be criticised for the fact that, although our study population concerns a seropositive arthralgia cohort without active RA or treatment, it is becoming increasingly clear that patients already experience a high burden of symptoms that adversely affect daily functioning, and in turn may affect their mood. 49 50 As a result, we cannot completely rule out that early symptoms have had influence on subsequent depressive mood. Second, some patients entered the present study later than entering the prospective cohort of autoantibody-positive arthralgia. This might have introduced selection bias, as patients developing arthritis had already been censored. However, in daily practice when a particular patient with arthralgia presents to the rheumatologist, we can also only tell in retrospect the stage of preclinical RA he or she was at. Third, we did not adjust for educational level in the analyses. Although a low level of education or socioeconomic status does not appear to be a strong risk factor for the development of arthritis, it is associated with depression, daily stressors, coping behaviour and social support. Therefore, it is possible that educational level has slightly biased the association found between the psychological variables and clinical parameters.
In conclusion, our findings highlight that an effect of psychological parameters on arthritis development could not be demonstrated in patients with seropositive arthralgia. However, a strong longitudinal association was found between high depressive mood, low social support and clinical parameters. For clinicians it is important to be aware that, already in patients at risk of developing arthritis, depressive symptoms and low social support may increase musculoskeletal symptoms. 
